Objective: To investigate the relationship of spontaneous ureteral stone passage with stone size (width-length) and area.
Introduction
The incidence of urinary stone disease varies between 2% and 20% and the lifetime prevalence of this disease is 5-12% (1, 2) . Ureteral stones constitute 20% of all urinary system stones (3).
Extracorporeal shock wave lithotripsy, ureteroscopic lithotripsy or laparoscopic ureterolithotomy can be used for the treatment of ureteral stones. The size and location of the stone is a determinant factor in the decision-making process. Stones ≤4 mm in the distal ureter are expelled spontaneously with a probability of 95% (4) . This rate is 47% for those between 5 mm and 10 mm (4). These high rates of spontaneous passage encourage urologists to adopt a more conservative approach for the treatment of distal ureteral stones, however, conservative monitoring can cause discomfort and complications, such as infection, hydronephrosis, and impaired renal function (5) .
The most common predictors for the passage of the stone spontaneously are stone size and location (6) . In meta-analyses reporting spontaneous passage rates, the size of ureteral stone is usually the longest measurement in the axial section or the largest measurement of the stone (4) . Ureteral stone size is defined as the longest value measured on computed tomography (CT), and axial sections are often used in this measurement (7, 8) . However, the largest measurement of cylindrical ureteral stones is obtained by assessing the crania-caudal dimension. With the widespread use of multidetector CTs, coronal reformatted images have been a part of routine use, and as a result, there has been a change in the measurement of the maximum size of ureteral stones (9, 10) . It has been shown that stone area and stone volume are determinants in predicting spontaneous passage (11, 12) .
In this research, we explored the correlation of spontaneous passage with stone size (width-length) and area in distal ureteral stones.
Materials and Methods
Patients who presented to the urology outpatient clinic with acute renal colic in January-December 2016, with 10 mm or smaller distal ureteral stones on unenhanced CT were retrospectively evaluated. Patients, who had no surgical intervention after the first diagnosis and attended follow-up visits at weeks 4 to 8, were included in the study. Patients younger than 18 years of age, with a non-radiopaque stone, urinary system infection or solitary kidney, multiple stones, those who had not started medical expulsive therapy, and those without follow-up data were excluded from the study.
The CT images were taken without the injection of oral or intravenous contrast material with the patients holding their breath in the supine position. The key areas imaged were the kidneys and the bladder, and the interslice gap was 1 mm (MX8000; Philips, Eindhoven, the Netherlands). From the raw data obtained from the CT scanner, axial-sagittal and coronal reconstruction images with a 1-mm thickness were analyzed. The CT images were then transferred to an extended workstation in the Digital Imaging and Communications in Medicine (DICOM) format (2-GHz Pentium processor with 2014 MB of randomaccess memory) for postprocessing. Using the CT images, the maximum width and length of the stones were measured in axial and coronal sections, respectively. The measurements were performed by the urologists in this study. The largest diameter was defined as the measured largest diameter in axial and coronal sections. The stone area was calculated by multiplying the maximum axial dimension by and the maximum coronal dimension. The stones located above and below the pelvic brim were classified as proximal and distal, respectively. We also performed an initial kidney, ureter, and bladder X-ray (KUB) in all patients to make sure that the stones were visible on KUB. The patients were prescribed oral tamsulosin 0.4 mg daily for medical expulsive therapy, and we advised all the patients to increase fluid intake and do exercise.
At the follow-up visit, the absence of patient complaints and the patients reporting to have witnessed stone expulsion (the time that patients reporting to have witnessed stone explusion were accepted as the spontaneous passage time), and/or a KUB revealing no stone were accepted as spontaneous passage. The study was conducted in accordance with the principles of the Declaration of Helsinki and informed consent was taken.
Statistical Analysis
Statistical analysis of the data was performed using the SPSS software v. 22.0 (IBM Corp., Armonk, NY). The continuous variables were expressed as mean ± standard deviation and student's t-test was used for comparison. To determine the differences in the prediction of spontaneous passage between axial and coronal plane measurements; i.e., the relationship boyuttan 1 mm daha büyük olduğu durumlarda spontan pasaj %56,2, 2 mm ve daha büyük olduğu durumlarda ise %34,7 olarak bulundu. Yapılan ki-kare analizinde spontan pasaj oranları arasındaki farkın istatistiksel olarak anlamlı olduğu saptandı (p=0,001). Sonuç: Üreter taşlarında tedavi planı yapılırken taşın koronal ölçümdeki boyu (uzunluğu) öncelikli olarak dikkate alınmalıdır. Özellikle taşı boyu eninden 2 mm ve daha fazla ise spontan pasaj olasığının ciddi oranda düşük olduğu akılda bulundurulmalıdır. Anahtar Kelimeler: Spontan pasaj, Bilgisayarlı tomografi, Üreter taşı between the time to stone passage and stone size, chi-square or two-tailed Fisher's exact tests were used. To identify the predictors of stone passage, binary logistic regression analyses were performed. The results of the regression analysis were obtained as the odds ratio and 95% confidence interval. A p value of less than or equal to 0.05 was considered statistically significant.
Results
A total of 245 patients, 75 females and 170 males, were included in the study. The mean age of the patients was 36.97±11.69 The stone passed spontaneously in 77.6% of patients (n=156) with the mean spontaneous passage being 2.1 weeks. Spontaneous passage rates were 84.9% (113/133) for stones of <5 mm on axial measurement, and 85.9% (117/137) for those of <5 mm on coronal measurement. For stones measured to be 5-10 mm in the axial and coronal sections, the rate of spontaneous passage was 38.3% (43/112) and 36.1% (39/108), respectively. Considering the largest stone diameter measured on coronal and axial sections, the spontaneous passage rates were 88.1% (96/109) for <5 mm stones, and 44.1% (60/136) for 5-10 mm stones.
When the data of the patients with and without spontaneous stone passage were compared, it was determined that the stone size, area and AP pelvic diameter in the former group were statistically significantly smaller than those in the latter group (p<0.001). The results of stone size, area and AP pelvic diameter according to spontaneous passage status of patients are shown in Table 1 .
Moreover, binary logistic regression analysis was performed to identify the value of stone sizes (axial and coronal), the largest stone size, AP pelvic diameter and stone area for passage of the stone spontaneously. Coronal stone size was independently correlated with spontaneous passage (p=0.020). Table 2 presents the results of logistic regression analysis.
Spontaneous passage rates were calculated as 70.8% in cases where the stone size on the axial plane was the same as or greater than on the the coronal plane; 56.2% in those where the coronal size was 1 mm greater than the axial size, and 34.7 in those where the coronal size was 2 mm or more than 2 mm greater than the axial size. The chi-square analysis revealed that the difference in spontaneous passage rates according to the difference between axial and coronal measurements was statistically significant (p=0.001). Table 3 shows the rates of spontaneous passage according to the difference between axial and coronal plane measurements.
When time to passage and stone dimensions of stone-bearing patients were compared, no statistically significant result was found. In Table 4 , the time to spontaneous passage according to the stone size was compared.
No statistically significant relationship was found between the stone passing time and stone size of the patients. Table 4 presents the comparative results of spontaneous passage times by stone size.
Discussion
There are various options for the treatment of ureteral stones. The mutual request is to treat the disease without surgery as much as possible and at the same time to minimize the possibility of development of any complication. To achieve (36) 34.7% (8) this, it is crucial to have an insight into which stones are more likely to be spontaneously passed and which require surgical intervention.
The two most important factors in predicting spontaneous ureteral stone passage are stone size and location. In metaanalyses reporting spontaneous passage rates, the size of a ureteral stone is usually accepted as the widest measurement on the axial plane or the largest measurement of the stone (4). In previous studies, spontaneous passage rates were found to be 95% in distal ureteral stones of <5 mm, and 47% for those of 5-10 mm (4). In addition, Coll et al. (13) reported the spontaneous passage rate of 48%, 60%, and 75% for proximal, middle and distal ureteral tones, respectively. Also Jenderberg et al. (14) reported that the spontaneous passage rates in 20 weeks for distal ureteral stones was; 97% in 0-2.4 mm, 99% in 2.5-3.4 mm, 83% in 3.5-4.4 mm, 89% in 4.5-5.4 mm, 57% in 5.5-6.4 mm and 33% in >6.4 mm.
In the current study, the stones spontaneously passed in 77.6% of the patients (n=156). The spontaneous passage rate was 84.9% and 85.9% for stones smaller than 5 mm according to axial and coronal measurements, respectively. For stones measured as 5-10 mm on axial and coronal planes, spontaneous passage rate was calculated as 38.3% and 36.1%, respectively. Lastly, according to the largest size of stones in both planes, spontaneous passage rate was found to be 88.1% for stones of <5 mm and 44.1% for those of 5-10 mm. Although the results of spontaneous passage for axial and coronal measurements are similar, there is a clear decrease in spontaneous passage rate when the size of the stone increases from 4 mm to 5 mm. In addition, if the stone shape is spherical, then the dimensions on the axial and coronal planes will be similar, however, in cases of cylindrical stones, different values can be obtained. For example, a stone with the widest axial measurement of 3 mm may have the longest coronal length of 7 mm, or vice versa. In such cases, it is important to determine which measurement to consider in the decision-making process regarding treatment.
Metser et al. (15) compared ureteral stone dimensions on axial and coronal planes and found that the axial measurement underestimated stone size by 13% than the coronal measurement. Similarly, in another study, Nazim et al. (16) determined that compared to the coronal measurement, the axial measurement underestimated stone size by 20% for all stones and by 17%
for those that were spontaneously passed (16) . In the current study, we also found that the coronal measurements estimated stone size to be greater than the axial measurements in 35% of patients. An even more remarkable point is that when the axial dimension was the same as or greater than the coronal dimension, spontaneous passage rate was 70.8%, but in cases where the coronal measurement was 1 mm or ≥2 mm greater than the axial measurement, the spontaneous passage rates were found to be smaller (56.2% and 34.7%, respectively). As also suggested by Lee et al. (17), we consider that spontaneous passage is more difficult for stones with a larger diameter on coronal plane due to more contact with ureteral mucosa resulting in increased inflammation, edema, and friction force.
In this study, although stone size and stone area measurements produced statistically significant results in predicting spontaneous passage, the logistic regression analysis revealed that the most effective predictor was the coronal measurement (p=0.020). In cases where the difference between the dimensions on coronal and axial planes increased in favor of the former, the rate of spontaneous passage decreased from 70.8% to 34.7% (p=0.001). Similarly, Kadihasanoglu et al. (18) reported that the possibility of spontaneous passage was significantly reduced in patients for whom the coronal measurement was ≥2 mm greater than the axial measurement.
The different spontaneous passage rates obtained from the axial and coronal plane measurements suggest that stone area may also have an effect. Demehri et al. (11) found that stone area was an important parameter in predicting spontaneous passage in patients with a stone size of 5-10 mm. In another study investigating stone volume, Zorba et al. (12) reported no statistically significant result for ≤7 mm stones, but the authors noted that stones larger than 7 mm were less likely to be spontaneously passed if their volume was also greater than 52 mm 3 . In the current study, we determined that the rate of spontaneous passage was statistically significantly increased as the stone area was reduced, however, according to multivariate analyses, stone area did not have a significant predictive value for spontaneous stone passage. We estimate that the reason is the increased contact with ureteral mucosa as we mentioned previously.
It is always difficult to decide how long to wait for spontaneous stone passage. If intervention is not undertaken after four Ongün and Dursun. The Effect of Distal Ureteral Stone Size to six weeks of no spontaneous passage, the possibility of kidney damage is increased (19, 20) . It has been reported that spontaneous passage occurs, on average, within 1.6 weeks for <4 mm stones and 2.8 weeks for 4-6 mm stones (21) . In this study, we did not observe a statistically significant result when we compared stone size and spontaneous passage time.
Study Limitations
Due to the retrospective nature of this study, the patients who did not receive medical expulsive therapy and those who did not attend the follow-up visits had to be excluded from the study. Another limitation concerned the relatively small number of patients.
Conclusion
Advances in imaging methods and development of multiplanar reformatted images enabled coronal reconstruction, in which ureter stone size can be calculated on the coronal plane. For planning treatment, coronal measurements provide more reliable results in predicting spontaneous passage compared to axial measurements. It should be noted that the probability of spontaneous passage is significantly low, especially if the coronal measurement is ≥2 mm larger than the axial measurement.
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